Objectives To compare the cost, nutritional and food variety contents of commercial meals and published infant and young child feeding (IYCF) home-cooked recipes, and to compare nutritional contents to age-specific recommendations.
INTRODUCTION
The introduction of solid foods, also known as complementary feeding or weaning, is the transitional period of an infant's life where a milk-based diet no longer meets the nutritional needs of the growing child. This period is recommended to begin from six months and should include the introduction of; a selection of fruits and vegetables, foods from animals and fish, together with other food groups to encourage a balanced diet rich in nutrients. [1, 2] Evidence suggests that the development of taste preference begins in childhood [3] [4] [5] and by repeated exposure we can encourage the acceptance of foods. [6, 7] The availability of commercial food products on the market provides parents with a convenient alternative to home-cooked family meals, [8, 9] and despite the fact that homemade is seen as the ideal option, commercial foods can provide a variety of flavours to help identify and develop infants' preferences. [10] Evidence from Germany indicates that there is a low variety of vegetables in both commercial and home-cooked infant meals, and that fish is rarely offered, suggesting that food variety is not being encouraged during the early years. [11] A comparison of adult-based commercial ready-meals and recipes concluded that both readymeals and recipes fail to meet dietary recommendations. [12] However, findings by Garcia et al (2013) showed that home-cooked family infant meals were more nutrient dense than commercial infant foods. [13] The aim of this study was to investigate the nutritional content, price and food variety of UK available commercial IYCF meals compared to home-cooked recipes obtained from cookbooks, and to determine whether each met national age-specific dietary recommendations.
METHODS
Comparative analysis of the price, nutritional content, and variety was conducted between commercially available meals and home-cooked recipes within IYCF cookbooks in the UK.
Savoury meals that could be eaten as a main-meal and targeted towards children under the age of five years were included. Breakfast foods, savoury snacks were excluded.
Selection of commercial infant meals
A search of UK-based commercial infant food manufacturers was conducted using
Google.co.uk (search terms included; "baby foods", "baby food manufacturers", "infant foods", and "toddler foods") and within supermarkets with the largest market shares [14] (Asda, Tesco, Morrisons, Sainsburys, Aldi, Lidl) and non-food retailers (Boots and Superdrug) (May -June 2015). The full market of savoury main-meals was included for analysis (n=278).
Selection of home-cooked recipes
Cookbooks were identified from a search of local lending catalogues (May -July 2013) and
Amazon's top 20 best-selling IYCF cookbooks (June 2013) (www.amazon.co.uk). Search terms included; "infant recipes", "toddler recipes", "infant food", "weaning", "infant feeding", and "complementary feeding". Resulting in 55 cookbooks with 4438 eligible mainmeal recipes. A stratified sample of 408 main-meal recipes with proportional numbers from each of the categorised food types (seafood, poultry, red meat, and vegetable) was randomly selected, using randomiser software. [15] Comparison of commercial products to home-cooked recipes
Cost Comparison
Individual product price was recorded for commercial products using MySupermarket.co.uk (May -July 2015) and manufacturers' online shops. For home-cooked recipes average prices of raw ingredients per 100g were obtained from a food pricing database. A sample of eight food product prices were collected across four supermarkets for food items and together with an adjustment for seasonal variation, median price values were calculated per 100g.
Food variety
Food variety was compared between commercial and home-cooked meals. A vegetable variety score was calculated using the number of vegetable varieties within a meal to establish the variety exposure to this first taste recommended food. No limitation to the quantity of food was applied for the calculation as recommended for young children.
[16]
Nutritional Comparison
Details of ingredients and nutritional content of products were obtained from commercial manufacturers' websites and product labels using a piloted data extraction form. Recipe ingredients and measurements were collected and entered into dietary analysis software [17] to calculate the nutritional compositions of recipes per 100g using McCance and Widdowson's food tables. [18] Nutritional analysis of raw ingredients was used due to limited published nutritional composition data for cooked foods. Energy density and percentage fat contribution were estimated from the nutrition analysis. For the early years' period recommendations for ED for individual meals is between 0.6 and 1.0kcal/g and the total energy derived from fats should be between 30 and 45%. [1, 2] One gram of salt and pepper was included where optional.
Age-Specific Recommendations
The proportion of meals which comply with age-specific recommendations was calculated.
Two age-specific recommendations (energy density and dietary fat) can be evaluated at a 6 single meal level the other two recommendations are set at a daily level (protein and salt) and therefore cannot be included in this meal-based comparison. [19, 20] 
Matched meal comparison
Commercial and home-cooked meals were categorised into meal types i.e. Spaghetti
Bolognese to allow a matched meal comparison. Due to the lack of matches 17 products and 165 recipes were excluded from the analysis.
Sample Size
No formal power calculation has been carried out for this study. The sample size for the full data comparison was derived for another study and was deemed sufficient to allow comparison between commercial and home-cooked meals across food types. In the reduced sample size of the matched meals statistical findings should be viewed with caution. Nonsignificant results may indicate no differences or may be due to the small sample size being insufficient to observe differences.
Statistical Analysis
Price, food variety and nutritional data for meals were not normally distributed thus the nonparametric Mann-Whitney U Test was conducted to examine differences. As it is unknown what level of difference is required to provide a nutritional significance, effects sizes were calculated for nutritional and food variety comparisons. P-values <0.05 were considered statistically significant. Statistical analysis was conducted using IBM SPSS Statistics 22
software.
[21]
RESULTS
In 2015, the UK market offered 278 commercial main-meals from eight manufacturers, of which six produced organic meals (174 meals (62.6%)).
A total of 4438 recipes were included within 55 55 cookbooks. A stratified sample of 408 of these were included in the study, of these 16% poultry-based in comparison to 27% of commercial meals, 19% seafood-based (commercial 7%), 21% red meat-based (commercial 35%) and 44% vegetable-based recipes (commercial 31%).
The average cost of commercial meals was found to be significantly higher (£0.68/100g) than home-cooked recipes (£0.33/100g; p≤0.001) and this remained in the sample of matched meals (£0.67/100g vs £0.33/100g; p≤0.001).
Both commercial and home-cooked poultry-based meals predominantly used chicken (92.0%
and 90.8% of poultry-based meals respectively) ( Table 1) . Within red meat-based meals beef was predominantly used in both commercial (67.3%) and home-cooked meals (43.0%).
Salmon was predominant in commercial seafood-based meals (50.0%) but not home-cooked recipes (18.2%) which had more cod-based meals (28.4%). A greater selection of red meat (n=4) and seafood species (n=14) were used across home-cooked recipes compared to commercial meals (n=3 and n=6 respectively). Across the range of commercial meals and home-cooked recipes, recipes used a greater variety of vegetables (n=33) compared to commercial (n=22) ( Table 2) . Carrot was the predominant vegetable used within commercial meals (79.1%) and second greatest in homecooked recipes (31.6%) following onions (50.0%). 
Figure 1:
Boxplots of the median and 2.5% and 97.5% percentiles of vegetable variety score per meal between commercial products and home-cooked recipes for full sample and matched meals. * denotes a significant differences (p<0.05) between commercial products and home-cooked recipes Home-cooked recipes contained 51% more energy (101.0kcal vs 67.0kcal/100g; r=-0.47; p≤0.001) than commercial products (Table 4) . Home-cooked recipes contained higher carbohydrate (9.0g/ vs 8.4g/100g; r=-0.11; p=0.005), salt (0.24g vs 0.08g/100g; r=-0.50; p≤0.001), protein (5.9gvs 2.9g/100g; r=-0.41; p≤0.001), total fat (4.4g vs 2.2g/100g; r=-0.48; p≤0.001) and saturated fat (1.5 vs 0.6g/100g; r=-0.37; p≤0.001) compared to their commercial counterparts providing 7-200% more nutrients. Similar trends were evident in matched meals providing 6-77% more nutrients. In addition, in the match meals homecooked meals provided higher sugar contents (2.5g vs2.2g/100g; r=-0.10; p=0.026) ( Table   3) . Energy density (ED) meal-based recommendations were met by 64.6% of commercial products and 36.6% of home-cooked recipes (Table 4) . A higher percentage of commercial products (28.5%) failed to meet the minimum ED compared to home-cooked meals (13.2%) which mainly exceeded (50.2%) the maximum range. The majority of commercial meals (52.0%) were below the recommended meal-based range for energy from total fat (30-45%) with 47.3% within the recommended range. In contrast, 34.1% of home-cooked recipes met the recommendation whilst the majority (37.0%) exceeded recommendations. Similar trends were evident in a matched meal comparison. consider factors, such as the cost, nutritional adequacy, and food variety, in addition to the perceived convenience of these options. This study provided an opportunity to compare commercial products to home-cooked recipes available to parents. We found that homecooking can provide a lower cost option to commercial meals however this difference is likely to be reduced when organic ingredients are used. Nonetheless, the potential price difference between organic and non-organic foods is estimated to be 33% higher for purchasing organic (estimated from Kantar database) resulting in a price rise to £0.44/100g which remains cheaper than the average commercial products' cost. Previous studies show that parents are willing to pay more for organic infant foods [8, 22] and the fact that the majority of manufacturers produce organic foods seems to reflect the market demand for these products. It is important to consider that some food items, such as sugar and herbs present at less than 10g, were excluded in the cost calculation of recipes as these were deemed general items already present in the kitchen and would not need to be purchased specifically for the recipe. By not including these items or the cost of cooking we may have underestimated the true cost of home-cooking in addition evidence suggests the fuel costs for home-cooking are greater than for convenience foods. [23] Unlike adult recommendations which encourage reducing ED and fats it is important in infants that food is suitably ED in appropriate sized meals to aid growth and development.
Dietary fats contribute essential fatty acids (EFA) and fat-soluble vitamins together with energy and sensory qualities thus are vital for the growing child, however excessive intakes may impact on childhood obesity and health. [24] Our study found that the majority of commercial meals fall within the recommended ED range for meals whereas 50% of the home-cooked recipes exceeded recommendations. These findings contradict conclusions by Garcia et al (2013) who deemed commercial meals to be unsuitable for adding to the infant diet however they compared commercial foods to breastmilk and not age-specific recommendations. [13] The majority of commercial and home-cooked meals failed to meet the recommendations for energy derived from fats. [1, 2] With evidence showing that infant finger foods and snacks contain high fat contents, [13] the lower fat intakes from commercial meals may be balanced within the context of the daily diet. Home-cooked meals which exceed recommendations however will further augment excessive fat intakes when added to the intake of high fat snacks.
From a direct nutritional comparison, the higher ED of home-cooked recipes appears to predominantly result from higher levels of total and saturated fats. The level of nutrient difference required to determine nutritional significance is unknown however, differences in fat and protein contents found in this study showed medium effect sizes providing some indication of the magnitude of the differences found. The higher nutrient contents found in home-cooked recipes support those findings previously reported. [13, 25] There is a possibility that the lower protein content evident in commercial meals may be due to the higher proportion of early stage meals in the commercial market [26] and a predominance of vegetable-based meals as recommended for first tastes. [1, 2] There may be a greater cost implication for including protein-based ingredients and thus manufacturers use less of these ingredients within the meal to limit the cost of production and the final sale price of the product. It should be considered that discrepancies may exist in the nutrient composition of commercial ready-meals and declared values, [27, 28] as legislation states that tolerances of approximately 20% are permitted for declared macronutrients. [29] In addition, parents may use cookbooks prescriptively or only as guidance and thus the nutritional content of home-cooked recipes can vary greatly and this can be augmented further by natural variations in the nutritional composition of raw ingredients. The authors may have overestimated the values for salt within home-cooked recipes as it was often cited as optional thus these results should be considered with caution.
For parents concerned with providing a varied diet, if the parent relied solely on the commercial market then it is likely that the child would be exposed to a lower overall range of food types in terms of vegetables, meats and fish options. The predominance of beef as a red meat source and the lower prevalence of seafood-based commercial meals support previous findings, [11] and mirror UK consumption trends [30, 31] whilst the common use of carrot also corroborates previous findings. [11, 32] The predominance of salmon, tuna and cod in both commercial and home-cooked seafood-based meals complements the most commonly consumed species within Europe. [33] Despite encouragement towards a broad variety of meats and both white and oil-rich seafood species, the high proportion of red meat-based meals and recipes and low seafood meals are of concern when dietary recommendations encourage an increase in oil-rich fish consumption and limitation of red and processed meats. [34, 35] Despite a broader range of ingredients included across home-cooked recipes, greater 'vegetable' variety per meal was evident in commercial meals. These findings contrast those from a German study which found no significant differences in variety between commercial and home-cooked meals at 6-9 months. [11] However, Mesch et al (2014) used a 10g cut-off for the food variety calculation [11] which is suggested for use in adults [16] and could have underestimated the vegetable variety found within meals. The range of different foods included in the meals and recipes helps to increase exposure to different tastes which may contribute to reduce food neophobia. [6, 7] Specifically the variety of vegetables evident in commercial meals and the broad range of seafood species in home-cooked meals is encouraging.
This study is the first to compare the full range of available commercial and home-cooked meals for cost, nutritional adequacy and food variety. Our study provides an overall comparison of commercial to home-cooked meals. In addition we have included a matched meal comparison to allow a like-for-like meal comparison which showed broadly similar findings to the full sample comparison. However, caution should be made with these findings due to the small sample size.
Investigating cookbooks available in libraries together with UK best-seller lists this study aimed to evaluate a populist sample of cookbooks however parental use of these books was not investigated. Other aspects may be important in parents' consideration of commercial or home-cooked meals including the micronutrient content of meals. As these were not provided on commercial product labels we were unable to compare with home-cooked recipes in this study. Furthermore, the diversity of meal texture was not examined which is another important aspect to consider in IYCF. [1, 2] The majority of commercial meals met ED recommendations and can provide a convenient alternative which includes a greater vegetable variety per meal. Home-cooked recipes provided 6-77% more nutrients than commercial however, the majority of these recipes exceeded ED and fat recommendations.
What is already known on this topic
Commercial adult-targeted ready-meals available in the UK provide less macronutrients than recipes from television chefs, whilst commercial infant meals provide nutrient levels similar to breast and formula milk will little food variety.
What this study adds
Home-cooked recipes provided a cheaper meal option than commercial providing 6-77% greater nutrient levels and a broad range of vegetable and meat and fish species across the range of recipes.
However, the majority of home-cooked recipes exceeded ED and dietary fat recommendations.
The majority of commercial meals met ED recommendations and had a greater 'vegetable' variety score per meal than home-cooked meals but often failed to meet the minimum 30% of energy from dietary fats.
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